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‘]”ol’l(:X/I’{)Sl~ :ll)ON  ON-} IOAR1)  ICI’l IICMKI<lS ltlCI’1<lLSItN’1 ’A’l’l(lN
PROCIU)URIC, PIHWORMANCK, ANI) RX1’lUtlltNC]t*

All]ned 11. Salti]lia+

and

l<obcrt K. I zavittl

‘1’hc “l~OP] tX/1’OSI  tllX)N satellite rc-quil es Ical- time on-board kllowle.dge of
the sate.llitc and ‘1’JIRS e.phe.rmricie.s  fc)] ~tti(udc dcte.rli]inatimi  and cmntlol
and  ]]i@~ Gain Antenna (l ICYA) ~Jc)ill[irl~. ‘]-he. on-board cphcIi~e.]is
rcptxcntation  concept for the. h4MS (Multimissicm  Modular Space.cr_aft)
satellites has shown that conqmssing  the. pedictcd  q)}]c~lie~is  i~i a 11’ouIieI
POWCI-  SeTics  (IiPS) bc.foxe  uplinkillg irj conjuncticm  with the CM-lloald
Computer (OllC)  cphcnml-is  rccoristt uctiot] algcmithli]s  is an efficient
tcchniquc  for e.phcmc~is  rcp~cse~ltation.  As an MMS-based satellite.,
‘1”01’l[lX/l’0Sh31  ~N has inhe.ritcd  the 1.AN11SA7-  ej)heme.ris representation
concept which included a daily 1;1’S u~)load.  IWing the, design phase of the
mission, this concept was modif ied  by  cxtcndillg  the ephcxi]e.lis
Icprescntation  duration to 10 days and a corivc~iictit  weekly uploading was
adopted without an itirxcasc  iri C)13C memory  rcquircmcnts.  “l”his papx
dcsc:ribcs t h e  succcss  of  “J’01’}~X/I’OSIill ION on-b c)ard cphcmcris
rep~e.semtation  rimdified  concept ili achieving ~liission requi~cnicnts.  ‘l”he.
c)pcxitional  procedures and the lCSSOIIS leal rwd flom opcraticmal cxpc.]ie.lice,
arc discussed, Rrmhasis  is Oli thG pcrfomanc<, c)f the on-board cp}mncris  i]i.
routi Inc operations as wc]l as ncm  I nanc.uvc.rs.

IN’1’ROI)lIC’I’ION

3’C)}’1iXf1’0Sl{  ll)C)N was succc.ssfu]ly  launc]le.ci  by an AI iaric
Wana cm August 10, 1992. with inje.cticm occuring  at ?.3:?7:05  [l”l’C,

42P from 1 ‘I cnch
appIoximatcly  19

‘lIIc rcsc.rch dc+scribcd in this I)alxr Was can icd OUI by k Jc,t PIowrlsion 1 abrmmry,  (ldifomia  lnsti(utc. .
of “1’cchnology,  un(icr  ccmtmct  with Naticmal Ac.rcmauiic.s  and SpzacC Adnlirlisbation.

}’rcparcd fo r  tcchriical  papcts that nlay la(c.r bc, publishc.d in LIIC proccdings  o f  t h e .  Anlc.rican
Astronautical Scwic,ty.

hlcmbe.r  Twhnical StatT, Mcnlbcr  AlAA. Affllia[cd  with Jet PIcrpulsion  laboratory, California Institute
of ~’c.dmology,  Pawdcna, Califorl]ia

Software. S ystc.ni  Engirmr,  Mcnlbcr  hfAA,  Afflliamd with S[c.rling  Software, inc.



Inin  57 SW aftcx lift off. ‘J’hc. ])xilnal-y goals of this joint lJSfl;rancc  missicni arc to
dcte.rmirm ocean suTP~cc  he.i#~t  to an acm acy of 13 cm. (3 sigIna) utili~.illg  a combinaticm
c)f sate.llitc a“lti  Iimtt y data anti l’re.cision  Ch bit IIctea Inination (1’01)), to stuciy  occall
circulation and its intcl action with the att nosphm,  to better  under stan(i  climate change,, to
improve know] edge, of heat transpo~  t iIl the. CXWNI, tc) Imdel  ocean tides, and to study the
Inal inc gravity field. 7’o mc.ct these scic.ncc  rcc]ui] me.nts,  the’1 “01’1 lX/1’OSl il 1 XIN sate.ili  tc
must pc)int the altimeter antenna at the ocean lcwal  nadir with good accuracy. It ]iiust also
point ari al iicxrlate~ I I(iA at the NASA ‘1’racking and IIata Relay Satellite Systcni  (’1’J~RSS)
tc) allow cc)]]il]~tlllicatio]~  and tl acking fcm Oj)crational  CIibit  l)ctcl  Ininaticm (001>). ‘]’his
]-equircs  real- tilnc on-board kncnviedp,c  c)f the satellite. and ‘1’] )RS c]knlic]-ides.

7’hc on-board ephemmis  rcp~cscl]tation concept for other  MMS satellites (the
‘I’OI’ItXflK)S} tll>C)N  satellite, is based  on the MMS bus) has ShOWIl  that corrpcssing,  the
p~edicted  cphe.mcris in an 1;1’S be,fol  c up]inkit]g,  in conjurlction  with the C)IIC cphcme.ris
reconstruction algorithms, is ali cfflciemt  tec,hniquc  for cphcme.1 is rcp~cscntation.  As all
MMS-based satellite, “1”{ll’l{X-I’C)  S}lII>C)N has inhcritccl  the 1.ANIISA’1’ cj)he.nie.ris
rc.presentation concept whicli  inclucled a daily 1 ;1’S upload of a 3’i-hcnit ephcII-IcI  is.

Re.fcrencc (1) p]cscnts  a li~ociifie.d  cc)rmcpt  for tlm ‘I’C)l’l  LXfl’C)Sl!l  I)C)N satellite
OIIC cphcximis  rcprcsmtatiori  whele,  duration is c.xtcnde.d to 10 days ancl a convenient
weekly uploading strategy is adopted without all incrcasc in C)IIC mclnory rcquircme.nts.
l>uring  operations, this concept has shcmvn a significant reduction of ground  operations
intensity,  and 7’01’1iX/1’0SIil  IXIN C)round S ystcm (7’GS) staffilig Cicmands. It also
xeduccs  the chance c)f unde.sirablc  automatic transition to Safe-l lold Mode (S1 IM) duc to
“J’CiS, l~light  O{)c] atioris System (10 S), or “1’1 )1<SS criers  o~ delays.

“]’he success of this concept is (icsc] ibc.d i]i this paper. ];irst, the cphcnlcris
command loads functional (icsign is plcse.nte.d,  then the operational prcw,edtwcs  used to
compute satellite and ‘l-J>IWS on-board c.]}hcmc.li(ics aud u])lirlic tlum] to the sate.llitc are
discussed. llt also addresses the pmfor[nancc  of the on-board cphcmicris,  itl tcmis  of
~i~ccting  accuracy rcquircmemts,  and the. lessons lca~ ned fmlii the operational cxpe.r ic]l~c in
bc)th routine operations and when mane. uvcIs am schedu]cxi,

OI\C IWIIEMIWIS  COMMANII I.< OA1)S FLJNC’1’1ONA1 / l)ltSIGN

Certain elements of the satellite Chnmami  ar]d IJata IIandling,  Subsyste.ii”] (011 1S),
in particular the C)IW and its l;light  Softwalc (13 W), must Ix considered in the navigation
dcsig,ri.  “l”k I;SW design affects the cp}lclimis  rcprcse.~itation  dtmttiori,  and the redated
operational navig,aticm  activities, tilnelincs,  and procedures. “l”hc limited C)llC
cc}t n]mat,ional capa.bilit y and e.phemc,ris  Il]e.1  ncmy allocation require, e, fficicnt algorithms b y
which the, Navigation “1’e.atll  (NAV”l’)  rc~u e.se.nts the e,~dmiic]  is. in addition to erI CM:S in the
rcprcscntation, the. C)BC induces an additional mrrximum aloI]~-track  position emc)] of =?.00
meters duc to significant bit liti]itations. ‘1’hc on-board clink relative time. rolls OVCI- to zero
after 1 ?..4?’7 days, allowirig  up to ?.427  cia ys of ]naIgiIi to upciatc the planned staIlc]aT”d 10-
day e.phcmcris load. l~c.tail  of sate.llitc impact on the riavigation  dc.sign  can bc found in
Rcfcrcme  (2).

l’he, cphem}cI  is rcprcsemtation  concept defined abcwc includes botli gI cmnd suppoI t
activities and on-board functions. “I”hc. models used arc basically F}’S for &olllici  suppo!l
and the }Iclmitc interpolaticm  fo]mula fol- cm-bc}aT[i  functions. lior ‘I’OI>EXP’CIS}l  IIJON,
the following modeling design  assuliq~ti(ms have. bcel~”a(icymxi:
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A 42-ccwfficimt  11’I’S is USCC1  for each of the. six Cartesian state. vector
cfmnponents (the coe.ff]ciml[s  are e.stiliui[e41  usirif,  the least-squarcx mclhoc]).

“lIIC time span of the acm d[c Opcla[iotlal 01 bit l{phclilcl is (OOli) used on tltc
glc>tlr]d  tc~dcvclo]J  tile. I;l’S isat  least 10clays  atldtlmuI )linkedl~l’Sis valicl
for the. same time span.

“1”0 optimi7.c  tlic pc.~ fm ii-rancc of the ephmmis  rc]mcsentation, a gI icl spacing,
of JO min has tmn chew.n fcm the Ic.ast-squales  fit; the C)IIC ~cccwels  the
cphcmc.risat  these.  10-n~iti $Iicl pc)ints.

‘1’he. miduals  c)f the fit ale. cc>lnputcd  alicl uploaded to the C)lW fox only a. 30-
hour span giving irmcascxi  awl] acy mm tl]is limiwd sprm.

‘IWO ficqucmies  are included  in the 10’S, tlic satellite ]imn o] bita] frcxpwicy
and t}m ea~ th sidc,:eal fl equcm y.

‘l-he satc]lite.  mean orbital fl cquency is computed fr cm the mc.an semi-tnajc)r
axis which is obtained by suitably avcxagitlg the osculating semi-~ i]ajcm axis
}Iistory defined by the. 001;.

A four-poilit  1 ICI Initc irm J)cdat  ion fonimla is USCXI by the. OIW tc~ ccmputc  the
position ancl the velocity of tllc. sate.llite at aliy  ]ellucst tinle.

A convenient weekly trploaclinp,  is aclc)pte.d  iri routine, o~wrations.

“I”hc above mcdcling dcsi~,li  assumptions pI cwidc an OIK c+hcmc,r  is m.plesetitaticm
which meets the altimtcr  pointing accwt acy rcquit  ancnls (see Rcfrmticc 3). 3 ‘he allocation
for eph~m~.]ris  prediction wlor due tc) cm-boaTd rc.pre.sel]tation  and co]n~mtation  is 0.022.
(1 sigma) deg. “Nw cor] e.spotidinp,  allowable position error is about 2..9 k~ii (1 si~n~a).
Since. the. “1’l>RSS  satellites am in ge.ostatiollal  y o] bits, tncdeling. dcsi~,ri  assumptions for the.
rep~cwntat  ion of the TJ )RSS ephtmcridcs  are. cxjmted  to be relaxed. I IOWCVCI, to reduce.
grotlt)d  operations coti~ple.xity,  the “1”01’1iX/1’OS]:ll  lC)N modeling assumptions al-e. also
adopted for I’IIRSS ephwilcride.s  with the exc.c{)tion  that eight coefficients for’ each c)f the
six Cal mian state vector components arc. used imtcacl of 4?, and ]io miduals  ale rcxquilcd,
At any time in the mission, only 2 “1”1 IRSS spacmaft  arc utilized by the Plc)jezt as assigned
by the Network Contlol  Ckmtc.1  (NW).

“J”hc }(outie.]  coefficicmts a~c gmmatcd by frttins a truncated least-squares FI’S tc) the.
0011 (for “1’Cll’IiXfl’C)Sl;llloN).  ‘l’he. “1’1 )RS ccwfflcients ale obtained by flttitig  two otlm
I;J’S to the ‘1’l)RSS satellite cphenmidcs, Accurmy  ]cqui] emcrits ne.ce.ssitate ccmputing
these coefficients in double. p] ecision. “J”hc ccwft”icicnts  a~c valid for 10 days.

l~ig,ure (1) shows the functional design  of C)IIC ll]ihc~i~eris  Ccmtnand  1 aads i]i
w h i c h  t h e  i n t e r p o l a t e d  ephcme,ris  files pr-ociucu!  f rom OOIYP-l;ll .l~ ( for
q’C)l’I;XfiKISI iIl>ON)  and the two ‘1”1)1<SS I’-Jill .11S arc used as input  tcj the 1~1’S progl am
“J’he. l~J’S  program implc.nmits the truncated lc.ast-squa~es  ITS algorithm alit]  produces,
ali~ong other data, the Fourier mefficic.rits  ancl a 30-hour ruiclual span.

T-he. diagral]l  also shows a tczllnique  by which the coefficients are validated. A
plcqy tim is used to convm  the. output c)f the l;l’S pc)g,r am intc) OIICl liphemcris  Coti-mand
I .oacts. “l-he cotnmand  loads arc then USC.CI as input to a software to siti]ulate the
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]xH fox In:incc C)f the on-board ccmputel  ami to rcproducc  the OIIC e]lhcnw.lidcs fO1 both
‘I’C)l’}\X/I’C)  S1il I>C)lN aticl tllc. ‘1”1>1<SS satellites. Com])al i son with the. 0017P-I(11 Ji ancl the
‘I”I)RSS P-l~J [ .1{S dctermims  tl]at the 013(: comImIIcl loads alc valid befcm cielivcry to t}ic

Satellite, l’erforlnancc,  Alialysis “J’e.arii  (SI’A’I’). If nc)t, the e.ntirc plomss  is ]c-cxalnincd  by
the NAV”I’. IIelivcry  to S] ’A”I” takes ])lacc only if the difference. in altimctm  pointing
ploduce.d  by the two fllcs is less tl)an the MSRIJ (Mission and Systcuiis Requi]wnexits
lheumcnt)  ]rxjuircmm(s at all grid points withiti the 10-day representation period.

‘1’hc OBC command load is a billa~-y data file obtairied  from the coefficients ancl
residuals files. This coti~[i~and  loacl  is ~encratcc] by the C)BC  liPllllM CMI> C: NVR’I’
sc)ftwat-c s}~own in 1 ;igutc. (1). in addition to the 10’S arid residuals, the commatid  Ic)ad file
also contains t}le. ‘I’OI’I{X/J’OS}{l  I I(IN Iiican cmbit frequency, the lial ih’s sidctcal
frequency, rcfcrcncc  times of t}m 1 O-cla  y span, the. stal 1 tiiilc of the 30-houT residual sj)an
and gl id spacing.

O1lC ItPIIl]MltI<lS COMMAN1) I, OAI)S I’ROCIH)I-J1{I!

‘J”he  functional design, togcthe.r with a]] upload strategy, have been implcnmited  in
a p~edure for gene.t sting and ve,lifyins  OIIC c]]hcmc.ris ccmmand loads. ‘]’his pl-cxedu\  e
dcsc]lk the. stlatcgie.s  for gcnc~atioli  and delivcly of the OIIC eplmnc] is commarid loads
in both routine a uisc opcratic)lis  alicl when malie.uve.rs  arc scheduled. One. iniportant
characteristic of this pxocedure  is the vm iability  c)f the tiliwline  for delivery of the O1lC
command loads for diffc~emt  phase.s of the. missioll; e.g., post-launch, assessment, and
obse]  vational phases for bc)th rout ine  times ail[i  timics w]lich inc]ucie :nancuvexs.  lior
instance, the week] y dclivcx-y of the, comnmtid loacls in routine opcY titions  of the.
obsemational  phase is tied to the We<lnr.sday  re.ce.ption of the IJlight IJynamics  ];acility
(1’1>1’) 0011  solutions. “]”his is iii cont[ as~ to the ]icxst-launch  slid asse.ssmcnt phases of the
mission w}ien multiple  loads may be I e.quired. ‘J’he fcd]owitig  desc~ ibes various (ie,livcry
sehedu]cs for diffcle.nt  phases of the mission.

l’rw-l .aunch ]Joadihg

PIior to launch, the NAV’1’ ploduced  ten e.phc.rmr is loads, each CCMI  cspcmds to a
laurich day arid time ili a 10-day launch period, I’hc plan was fc)r the satellite cc)rit[  actor to
prcload the appropriate. ephcmris for a specific launch  day a few hours befc)l e launch.
“J”his cphcmcris was vali(i untii the. first planned up]inking.  It was use~i ori-board tc) check
out the. attitude contlol system and tc) ccmlpute. the. orbit plane-sun angle  in case. of ali early
S1 lM e.pisodc.

Post-1  ,atmch l%asc

During the first 12 hours of tl~c. niission, four l!xtc.nde.d  ])ICCisk)ll  Vector (1~1’V)
solution sets were rcccivcd  fIonl tim };l)l” at 4, 5.S, 7.5, and 9.S hours after il”ljection  to
cle,tc]-milic  the ir~jection  conditions. “J’wc) tq)hemc.ris loads we.] c p~oduce.d based upon t}ic
7.5 and 9.5 hr cphcmcI is files as prinlal y and backup, re.spectivcly.  lt was the 7.5 hom
emhcnm is lc)ad that was uldinked  and used by tt m OIIC to converge. the Kalman filter of the,

1

a~[ it ucie.  control system and peJ for 111 tlw. yaw acquisitioli.

AsscssniciIt ~’haSC

‘J’he. asscssmc.nt phase. illvolved an intense pmimi c)f
pcrforlnance  asscssmemt  and calibr:ition , sensor initialimtion,

sate.llitc initiali7.atioIi,
and acquisition of the

5



opemticmal  cmbit. Six niancuvms WC.JC  pm fc)rmcd Cluririg  the asscssnmit  phase tc} acqui?e
tile. c)pc.ratic)nal mbit. “1’wo e}>hc.rne.ris  lcjads were pduced arid uplillkcct around each
]nancuvc!. A, ple.dieted post-bul n ephc.rnclis  load based upon the ~iiancuvel  desig]i  was
uplinked as parl c)f the maneuver block and used by the ORC 30 min after bul-ii ccntrc)id.
Based upon post-maneuver 01~ solutions, an actual post  -mancuve.~  ephelim  is load was
up]inked  about 12 houn  after burn centroicl and used by the CNW about 2 houl-s  later (see.
section on accu]acy  rcq]ircmcnts).

Observational Phase (Rouline operations)

in routine cr uisc. operations, an ephemeris load is uplinked  to the. s~)accc~aft  every
‘1’hLmday  cveming (I;ri riioming  lJ’1’Q. “1’his  weekly  dclivc~y  of the. collitnand  load is tied
tc) the Wedlicsday reeeption c)f 10’V’5.

Observational l%asc (Maihtehamx  Mamwwrs)

Y’he propulsive malicuvcrs  ili the. clbsc.~ vationa] phase occur near the tl ansition
bc.tween  the. 10-day orbit repeat cycles. A pl edicted  post-rimicuvcx  OIIC cplicmcl-is  is
uplinked pr-icllr  to the burli as part of the riume.uver  block. If the actual liiancuvcr exemtioli
time arid/or performance deviates sufficiently from predicted values, a ncw uploacl  is
p~-cparcd  and uplinkcd based upon the post-nialleuvc: ClC)I!. If the predictioli is judged
ade~uatc  (see section on ammcy rcz]L]ilcments),  ttm p)cdicted  load remains in the OIICl fo]-
thc norl]ial  period  of onc week.

“J’he. cphcmcris  command load is a joint cffcm between tllc NAV’1”, the. Satellite
Pcrfor~ilance  Analysis ‘1’eam (SPA”l”),  the Missioti  Planning slid Sequence “1’cam (MI’S]”),
and the. Flight Contlol “I”cam (l;CY1’) with NAV”l” as the prime contributcm. “1’hc  proeedutc
star-ts with an input frolii NAV”l’ to M1’S”I’  in ttm fol In of a Sequcncc Request (SR) to be
im~dcmcntcd  i]~ the Sequence of l~vcnts  (S01{) and the Space Flight operations Schedule
(S10S).  q’hc SR contains the command loads file name and an uplink  witidow.  In case of
conflicts or problems, the NAV’I’  UIJdatCS  the  SR with a Sequence Change Re~ucst  (SCW).
‘1’hc SPA’]’ provides NAV with the. U“l’CYsatcllitc  time corlclation table, anti validates t}ic.
colim]atid  syntax of the OIW ephe.mcris comniand  lc)ad files supplied by ttlc NAV”l’. ‘]’hc
}CI’  dews the translation of tlic loads ancl uplink the files to the spacec~-aftt

When the NAV”J”  rcce.ivc.s the appropriate. satellite and ‘I”I)RS PYV’S, 00]{ files arc
produced whlich cover the 10-day ~]1~ el~hcnicl  is time. span. As liigure. (1) indicates, the
lN”I’};RP  program reads these 00Ii’s ancl provides 1’1’S with interpolated files to be
cc)~li~nmscd  into a set of 4? least-square.s coefficicr~ts  and residuals for each Cal mian
])c)sition  alicl vcloeity  CO1ilJKmeJ1l. ‘1’hc residuals of Ieast-squam fit ccwcr only a 30-hour
span with an input starl time. ]:or ‘1’l>RS, only 8 coc.fficicnts  are estimated arid no
residuals. Gli’l”Ml  {AN is then rlln to pmvidc l;l>S with sate.llitc mcari se.nii-major  axis from
which the mean orbital fre~trcncy  is cotn]mte<ia ‘]’hc LJ’I’C satellite “1’ime.  Con claticm Iiilc
obtained from the SPArl’, together with the ii]% coefficients and residuals, arc processed to
p~oduce  the 013C P$hcmcris  Comiianci 1 aads in a format readable by t}w satellite OIIC.
“]’hcsc  loads arc then input to an OIICl Ilphcmcris  Simulator to perforn~  NAV’1’ intcrllal
consistency chc-eks  to verify that the }i]% representation accurately matches t}ic.  original
001;. Once this validation has been coniplcted, the Cormiland 1 nacls are dclivc~  ed to tlie
SPA”]’ for final validation before translation aricl uplink to the satellite by ttlc IiC”I’.

On tlw day of the u[dink of the O}IC cotnmand lc)ads, an
‘J”}IC plan dc:sc]ibcs  how various xcfcrc[lcc  times of the loads arc

upload plan is prepared.
dcte.rmined slid how tllc

(-i



time for resetting the cm-boald cot]i]lutation  of the cmbital  plaric-suri angle based upon the.
ncw cphcmc:ris is set. “1’he. rc.fe.rcnce.  time.s include, ‘1’cnab]c.:  tl]c. times at which the. satellite,
and q’] IRS cpherncrictcs  arc enabled, “l’start: the tili~c  at which the Ollc starls to coliqmtc
the coefflcic.nts  of the }Iemnitc intclpolamr  for the. first set of gl-id poirits,  and ‘J’tlse,: the
tillic at which the ()]IC stal is usirig the. ncw cphcliicris. in case of pledicted  post-burn
comriialid  loads (loads bascct  upon tiiancuvcr  clcsign),  the plan also rclatc,s the )e,fe.mncc
times to the clicl c)f t he, bulri  time.

‘1’he, tdlinlctcx  clechical axis is aligl]cd  tc) the spacecraft z-axis which is pointed to the
lcwal geodetic nadir. Refc~e.ncc  (3) indicates that the overall poiriting  c.rlor rcquircmcnt
(half-cone ang]c) is 0.07 ckgrem  (1 sigma), l)ortions of this overall emor have bem
allocated to the 0011 gtmc~ation and C)HC cphcmcris  representation pIcKcsses. A 0.015
de+gce.s  (1 sigma) pointing erlor is the amount allocated to mors ili ephc]ilcris  prczliction
OVCI 7-day prediction period duc to cq)crational 01 I and 001 i ge.ncmtion.  A 0.02,2 deg,rms
(1 sigma) pointing error is allocated to FJ’S re.jnmcntaticm  and computation and lilnitation
of the C)IIC cwcr the 10 days rcpl esc.ntation span, Irigure.  (?.) shows the relationship
between along-tmck  mm and nadir poirlting  c~-IoI both graphically and quantitatively. “l”his
indicates that the 1 sigli~a  alonf,-tl ack p]cdiction error iri the 001i  after 7 days should bc
less than about 2. km, and the coxlcsponding OBC representation (TJ or should be less than
about 2..9 km within 10 days. “1’o enswc  that the cc]lntnand  lc)ads,  as used by the OBC,
mc.et  mission requirenmnts,  cxtcnsivc clmckin~ ancl review is conducted before up]inking.
A software simulator (Rcfemm 4) tmiulating  the. lilnita(ions  and perforfnancc of the OIIC
is used to reconstruct the ephemeris f]om the colmiland  loads. Figutc  (3) shows a typical
example of om of tke checks. “1’hc fif,ure gives the “I’OPl;X/lOSl{I l>ON along- tl ack and
nadir point ing diffc.rcnccs bet wccn thcm of the simulator and the ground  ephemeris (001{).
Both the along-tmck  and nadir-pointing CII-01-S arc well within the requirements. “l”hc 001{
is also validated by comparing the state. vectors extracted flon~ it with the 11’1>1~  }{1’V’S at
specified cpoehs,

A factor related to acctu acy, pclfo] Illancc,  arid numerical stability of the algorithms
usec] is the accuracy of the mean semi-major axis used to compute the mean orbital
frequency of the sa(cllitc. ‘I-hc mean semi-major axis is computecl  by averaging the
osculating scm~i-li]ajor  axis obtairied  fmt n t hc 00H over the 10-day span. It has been found
that an inconsistency bet wccn the man orbital frequency and the 001?  used by the J iouricr
power series least-squares method could lead to accuracy degradation or even numerical
instability in the mcfficicnts,  It has also bcc.n  found that to avoid these. problems, the mean
semi-major axis has to be kiiovmi to ari accul acy of about 10 memrs. OLW averaging
tcehniquc  can give the. mean semi-~  najor  axis to one meter accuracy.

A fcw months after launch, swiic glitc}m in the satellite cphcmcris-related tc.lcmctry
data had bce.n obscwed.  A similar phenomenon had also been observed in the g[ound
pmecssing olf the flight software ,gcnemtion c)f these. data, ‘1’he glitches were in the form of
spikc,s  in tl]c. on-board computation of tile ]oll/pitch/yaw  attitude crro~-s and rates ant] the
orbital plane.-suri angle  which are. fL~nctions  of tllc OBC ephemeris. “I”hcse  glitches were
fn-st thought to be inaccuracy in the NAV’J’ processing of the command loads. Subse.qucnt
analysis showed that the glitches wm flight software related  (Reference 5). “l’lie rcfmxice
also su.ggcstexl  two solutions to the problem, “I”hc first is for the NAV’1’ to ensuTe,  that the
least significant word of I“llsc ili thr comri~and loads be. non z.cr-o.  ‘l”hc. scccmd fix
rccommc,nds a patch to the flight software. “1’he. first solution was adopted.



-’n-..
mc..

to

tit!!



cd

m
3
cl=

TOl~EX  ANGIJ  OIfE~F{E,ic[  (D[c)

o 2X1 O-$ 4X1 O-J 6 X 1 0
- ]

c> .,

. “

“ .
“ .

“ .. .
. “

. ’

“.
K1 -.  :... -- - -

.“

‘..
.

.“

.

u

.“
.

..
.

. “
.

.

. “
+

. “

“.

~““.” ;’

8
.

2 .
g ..

Km “ ’- - “
$? .’

5
.

.

F,
.

“.
,“

.

a .—
.

.
.

.
.

. “.
.

.

u -
,“

. “
.

. ,

.

cm  ~~ — .  — . . _ . -  — . .  _
.“

:

“ .
. “

..

@
. “

.

. “

. “

;’  - .  . .— —.

- 1 -0s o 0.5. . . . . . .
. .

. .
“.

‘.

“.

“.

“.

. “

. “.

. “

.“

. . “
:

“.
.“

.“
‘.

. “
. “

. “

. “

.

“..

1 -— “
.“

. “
“.

.“
.“

. “

.“

.“

. “

I .“ “ ,,”” ““ “
i.’

1

,: 1’. “,
I ‘t.

!...’.

. .

—

1

——-



Al_(3NG--I  RACK VE_l. C)Cl-I Y  ERROR, rnrn/s

-L

c)

+“

I
I
1
I
I
I
I
,:

I
I
I
I
1
I
I
1
1
I
I
!
I
I
I
I
I
1-.---- .-
1
1
I
I
I
I
I
I
I
I
I
1
I
1
I
I

4
I
I..~— —.-.*.

I
I
t
1
1
t
I

. ..— —_. . . . . .

c>
k
(/1 .
cl.
(-D

-.—
I
I
!
I
1
1
I

.

I
I
I

I
I
t
1
I
I
1
1
I
I
I
I
I

--l

,

1()



in addition to the extensive. che.eking and re.view ctc.sc!ibed above to misure that the
command loads meet mission mquircmcnts in routine operations, extra care i s

rcquireclwhm  maneuvers (both re.taTSetinp, and mairl(cnancc) arc pe.rformcd. When a
maneuver is sche. dultxl,  a pxwiicted post-bur[]  command load is produced based upon the
maneuver design and uplinked  prim  to the burn as part of the. maneuver block. If 1) the
magliitude of the maneuver is suff]cicnt]y large, 2) the actual rnaneuve.r  execution tinic is
largely diffc:rcnt, 3) the sate. ]litc execution of the mane.uve.r deviates sufficicnt]y from
nominal, an{i/or 4) thcrw is a final tweak based  upon latest 011 solutions prior to the
maneuver, then ari update tc) the predicted post-hml  cphcme.ris may be rmcessal-y  to meet
mission rcquircmcnts.  If the. prcdictioll is judged adequate, the predicted load remains in
the O]lC  for the. no~ iilal period of onc week. ‘l’he NAV’I’ has developed a procedmc  to
dctcminc whether or not an update, to ]medicted loads is required. l“hc p~oeedure  uses the
along-track ve.lmit y cxe.eutiori errors obtained from the 01) solutions received a few hours
after the burn to cmurc that the predicted post-burn ephclilcris  still meets xiiission
requirements. A quick-look chart to de.tcrlnine  the validity of the predicted ephemeris over
the reprcscnt~at  ion length  (from the initial cpoeh)  is shown in 1 :igure (4). It gives how long
the cxmmand  load is still valid as a function of the along-tlack  vcloeity  cr~or fol three lCVCIS
of accuracy nequirenmts. ‘1’hc 0.0?2 cle.p,t ccs is the pointing accuracy of the altimctc.r  at the
local nadir which is being used in the obscl-vational  phase of the mission. ‘] ’he 0.25
degrees is the sensor pointing error lin~il  which was used during the assessment phase.
‘l”hc 5 dcgrccs limit is the critc.t-ion for avoiding the safchold mode. “Ilis chart was used
cxtcnsivcl y during. the assessment phase where all six maneuvers nccessi tatc an update to
the p]cdicted  mnmand loads within a CC] ~ain period of time.

“1’o study how well the e.phcrncl is command loads are performing over extended
pe] iods of time, the NAV’1’ has de.vclopcd  a dynamic scheme to examine the overall

pcrforlnancc  between successive maitltcnance  maneuvers. “l’he proeedurc  compa~es
predicted loads with the definitive ephemeris obtained f~om after-t}]c-fact definitive arcs
proviclcd  by 01>. Such comparison is shown in I~ig,urcs (5) and (6) for all loads between
Orbit Maintenance Maneuvers 1 aricl 2 (OMM1 and 0MM2).  Between OMMI and 0MM2
there were 9 loads as shown i]i Figure  (S). l-hey start with the load of sequence #124?,  and
end with the load of sequence #2.50. “J”hc figure also shows the uplink  date of these loads,
the liPV’s used to produce the C)CI}l’S,  and the definitive arcs used to coriipar-c the
ephemeris command loads. ‘lhc nadir pointing computed by the software simulator which
emulate the limitations and pc.rforlnance  of the OIJC has been compared with the nadir
pointing obtained from the definitive ej~hcmcris. ‘1’he results are shown in Figure (6) whe:-e
the top figure shows the nadir pointing ellor  agairlst tili~c  for all lc)ads  and the bottcmi~  figul-e
s}lows  the man error plus/mintrs one-sigma error statistics. “1’hcsc  figures show that the
0]1(:  ephemeris performance is as expected and all mission requirements arc met.

CONCI:USION

“1’hc  ‘1~01’lX/l’OSFH  I ~N on-board cphcme.ris  representation concept has shown a
significant reduction of ground opcraticms intensity, and staffing demands. It also reduces
the chance clf undesirable automatic tlallsition to safe-hold due to Mission Operations
System (MOS) or ‘1’llRSS cm-ors or delays. lti addition, the ON ephemeris performance
is as expected and all rriission require. rl~c.llts  ale. met.
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